Background: The purpose of the study was to examine the association between white blood cell count (WBCc) on admission and early outcome in patients with the acute Stanford type A aortic dissection (TAAD). Methods: From January 2012 to December 2018, we retrospectively evaluated a series of 331 consecutive patients underwent surgery for TAAD in Tongji Hospital. The patients were divided into 2 groups based on the WBCc, i.e. the normal WBCc group (WBCc≤11 × 10 9 /L) and leukocytosis group (WBCc> 11 × 10 9 /L). The perioperative data were compared between the 2 groups. The in-hospital mortality and the compositive adverse event including multi-organ dysfunction syndrome, postoperative stroke, tracheotomy, and re-exploration for stopping bleeding were set as end points. Cox regression were used to assess the potential risk factors. Results: The in-hospital mortality was nearly 3 time higher in the leukocytosis group than in the normal WBCc group (20.9% vs.8.1%, P = 0.001), and 15.1% overall. For the circulatory arrest, there was significant higher mortality in patients with leukocytosis than normal WBCc group (26.1%vs.8.9%, P = 0.001). After adjustment for confounding factors, the leukocytosis was found to be a strong independent predictor of in-hospital mortality (odds ratio = 3.10; 95% confidence interval 1.38 to 6.97, P = 0.006). The leukocytosis was also a risk factor of adverse events (odds ratio = 1.80; 95% confidence interval 1.07 to 3.04, P = 0.027). Conclusions: The WBCc within 24 h of admission for TAAD is a strong and independent predictor of in-hospital mortality as well as short-term clinical events. The results of this study have important clinical implications for riskstratifying patients with TAAD.
Background
Acute Stanford type A aortic dissection (TAAD) is cardiovascular disaster associated with high mortality. The surgical management is the most effective therapy. However, despite advances in the technique and perioperative care, the surgical mortality and morbidities of potentially fatal complications of TAAD stayed relatively high, and it may be affected by the preoperative status of the patients [1] . Therefore, efforts have been put to identify high-risk TAAD patients [2, 3] . Several predictors of adverse events in acute aortic dissection have been discussed [4] . To our knowledge, the special impact of the white blood cell count (WBCc) on surgical outcome of acute aortic dissection remained unelucidated. The present study was designed to assess the relationship between WBCc and surgical outcomes in TAAD patients.
Methods
From January 2012 to December 2018, a series of consecutive patients underwent surgery for acute Stanford type A aortic dissection in Tongji hospital. The chart review was conducted to gathering clinical information. TAAD was defined as acute if onset of the symptoms within 2 weeks before admission and the diagnosis was confirmed by computed tomographic angiography. We excluded the cases of iatrogenic aortic dissection, chronic aortic dissection, and patients who had a history of cardiac surgery. Three cases of aortic dissection combined with pregnancy were also excluded. The primary end point was in-hospital mortality and the second end point were the compositive adverse events comprised multi-organ dysfunction syndrome, postoperative stroke, tracheotomy, and re-exploration for stopping bleeding.
The patient that has one or more adverse events was count as an adverse event case.
The patients were divided into normal WBCc group (WBCc≤11 × 10 9 /L) and elevated WBCc group (WBCc> 11 × 10 9 /L). The perioperative data were compared between the 2 groups. This study was approved by the local clinical research ethics committee and the consent of the subjects were waived.
Definition
Primarily, the WBCc on admission above 11 × 10 9 /L was defined as leukocytosis [5] . Emergent surgeries were operations carried out within 24 h after admission. Acute renal dysfunction was defined as elevation of serum creatinine level 3-fold greater than baseline or a new requirement for transient hemodialysis. Acute hepatic insufficiency was defined as elevation of aspartate aminotransferase greater than 200 IU/L. Hypoxemia was defined as oxygenation impairment with arterial partial pressure of oxygen/fraction of inspired oxygen ratio (PaO 2 /FiO 2 ) < 300 and acute respiratory dysfunction was PaO 2 /FiO 2 < 150 that occurred on admission. Transient neurologic dysfunction was defined as resolvable mental disorder without identifiable brain imaging change after operation. Permanent neurologic dysfunction (PND) was neurologic deficit with detectable change in magnetic resonance imaging or computed tomography scans.
Surgical technique
All the operation was performed via median sternotomy approach. The cardiopulmonary bypass (CPB) was established by arterial cannulation of unilateral femoral artery and/or the right subclavian artery and venous cannulation in right atrium. A left ventricular vent line was inserted through the right superior pulmonary vein.
After cross clamping the ascending aorta, the aorta was longitudinally opened and cardioplegic solution was directly administrated via the coronary ostia for myocardia protection. The lesion of the dissection and geometrical morphology of root were carefully detected. If necessary, resuspension of cusps with commissural stitches or aortic root replacement with composite prosthesis was performed depending on the lesion of the sinus and dilatation of aortic root. The coronary artery bypass graft was performed in circumstances of coronary artery ostia teared or combined severe coronary artery disease.
After the aortic root procedure was completed, the distal extent of the aortic replacement was determined by the location of the intimal tear. When the intimal tear was limited in the ascending aorta, the ascending aorta replacement was performed. If the primary tear located in the arch or the intimal tear extended into aortic arch, hemi-arch replacement or total aortic arch replacement combined with stent frozen elephant trunk implantation was performed under circulatory arrest. During circulatory arrest, the systemic hypothermia maintained at moderate (20-28°C) level at the rectal site, and antegrade selective cerebral perfusion was applied for neuroprotection. In year 2012, arch debranching with intraoperative endograft deployment was introduced for total arch repair. The surgical method of individual case was determined by both the lesion and surgeon's personal preference and experience.
Statistical analysis
Continuous variables are presented as the mean ± standard deviation, while non-normally distributed variables are presented as the median and interquartile ranges. Normally distributed variables are compared using Student's t test. The Mann-Whitney U test is used for nonnormally distributed data. The categorical data are calculated by chi-square test in different groups. For chisquare contingency-table test, the results were interpreted by standardized residual method of post hoc analysis [6] . Univariable and multivariable Cox regression are used to assess the potential risk factors of in-hospital mortality and major adverse event cases. Adjusting parameters and variables those known as risk factors or variables with P value less than 0.1 in univariate analysis are included in the multivariate proportional hazards models. We built two kinds of multivariable Cox regression models, the WBCc is treated as the dependent variable in the form of quartiles (model 1) and two-category data (model 2). The cut-off points of WBCc are evaluated by receiver operating characteristic (ROC) curves. Statistical significance was set as a two-sided P-value < 0.05. SPSS Statistics 19.0 (IBM, Somers, NY) was used for statistical analysis.
Results
There were 331 patients included in this study. The male to female ratio was 4:1. The age of the patients was 48.3 ± 9.4 years (ranged 25-72 years). Nearly half of the operations (165 cases, 49.8%) were performed emergently.
The mean WBCc was 11.69 ± 4.11 × 10 9 /L, and distribution of individual WBCc levels in every 1 × 10 9 /L were displayed in Fig. 1 . Compared to the patients in the group of the normal WBCc (normal group, n = 149, 45%), patients in the group of the elevated WBCc (leukocytosis group, n = 182, 55%) were more likely to be younger (50.2 ± 9.5 years vs.46.7 ± 9.2 years, P = 0.001). In addition, the patients in leukocytosis group had higher neutrophil-to-lymphocyte ratio (7.0 ± 5.3 vs. 12.2 ± 6.6, P < 0.001) on admission and underwent emergent surgery more frequently (36.2% vs. 61.0%, P < 0.001). Interesting, the signs end-organ ischemia/insufficient involved heart, lung, and kidneys were similar observed both in the normal WBCc group and leukocytosis WBCc group, but the incidence of acute hepatic injury was found only in the leukocytosis WBCc group (n = 10). The incidence of hypertension was not significant different between the two WBCc groups. The preoperative data were presented in Table 1 .
As a whole, the mean operation time was 503.3 ± 116.5 min and the mean cardiopulmonary bypass time was 225.4 ± 61.8 min. The cross-clamping time was 120.0 ± 31.6 min. The primary intimal tears were identified by directly inspection and resected. The archinvolved procedures were performed in 298 patients, including 228 total arch replacements, 20 hemiarch replacements and 50 aortic arch debranching procedures. Concomitant coronary artery bypass grafting was performed in 25 patients. Overall, 17 patients required a re-sternotomy because of hemorrhagic problems. Ten patient developed sternal infection, of them, 7 cases (70.0%) had leukocytosis before surgery. Comparing the patients in the normal group to the leukocytosis group, more total arch procedures were performed in the leukocytosis group (61.7% vs.74.7%, P = 0.011). The high WBCc level seem to be related to serious aortic involvement. There was no significant difference of operation time, cardiopulmonary bypass time and Cross-clamping time between the two groups. The operation data were displayed in Table 2 . We then divided patients into 4 groups based on the quartiles of their WBCc on admission (i.e. quartile 1: < 8.79 × 10 9 /L; quartile 2: 8.80-11.49 × 10 9 /L; quartile 3: 11.5-14.49 × 10 9 /L; and quartile 4: > 14.50 × 10 9 /L). When we compared the patients among the 4 quartiles groups, more cases of intimal tear extended into the aortic root were observed in the highest quartiles group than the other 3 quartiles groups ( Table 3) .
The in-hospital mortality was 15.1% overall. The mortality in the normal group was significantly lower than that in the leukocytosis group (8.1% vs. 20.9%, P = 0.001). Thirty-three patients had the postoperative PND, and 2/3 of them had leukocytosis preoperatively. There was a trend of increasing risk of in-hospital mortality and comorbidities of PND and multi-organ dysfunction symptoms with increasing WBCc. The duration of ventilation time and intensive care unit stay time were significantly longer in the leukocytosis group compared with patients did in the normal WBCc group, respectively ( Table 4 ). After excluding the dead cases, we could not find a significant relationship between the preoperative WBCc and total in-hospital time.
In the subgroup analysis of patients underwent surgery with /without circulatory arrest, there are significant differences for in-hospital mortality between the preoperative leukocytosis and no leukocytosis. For the circulatory arrest group, there was significant higher mortality in patients with leukocytosis than normal WBCc group (26.1% vs.8.9%, P = 0.001). However, this difference between leukocytosis and normal WBCc was not found (6.5% vs. 4.8%, P > 0.999) in the patients without circulatory arrest (Fig. 2) .
In univariate analysis, the leukocytosis was risk factor of either in-hospital mortality or compositive adverse events ( Table 5 ). By multivariable-adjusted Cox regression analysis, the preoperative WBCc levels stratified by quartiles and renal dysfunction were found as predictor of in-hospital mortality. The prolonged cardiopulmonary bypass (CPB) time was also an independent risk factor associated with in-hospital mortality when considered as a continuous variable. For the composite endpoint of major adverse events, the elevated WBCc on admission was a significant risk factor of the multivariable analysis. The predictors of 30-day mortality and adverse events according to multivariate analysis were presented in Table 6 .
The ROC curve analysis displayed that WBCc beard a significant relation to in-hospital mortality in TAAD patients (area under the curve 0.64 ± 0.04, P = 0.001, Fig. 3 ). The cut-off value is 11.44 × 10 9 /L with sensitivity of 73.6% and specificity of 55.0%.
Discussion
In this study, the clinical data of a series of patients underwent surgery for acute aortic dissection were assessed. In a 7-year experience at a single institution, an in-hospital mortality of less than 16% was achieved. The high WBCc level on admission was related to high in- hospital mortality and as a risk factor of a composite adverse event involved heart, brain, lung and systemic condition. To the best of our knowledge, this is the first study focused on the common index of WBCc effect on surgical outcome of acute type A aortic dissection. According to data from registry studies, the early mortality of large cohorts ranged 19.6-25.1% [1, 7] , and our result was similar to them. Given the advances of the surgical technique and surgeons' experiences, it may continue to remain a challenge to further improve the early outcome in TAAD patients. Due to the threatening nature and devastating presentation of the disease, the outcomes of surgical management have been supposed to be partially influenced by the patients' preoperative status. A numerous of studies have analyzed risk factors as the primary determinants of outcomes for TAAD surgery. The reported risk factors included advanced age, evidences of complications such as neurological deficit, myocardial ischemia, shock, kidney failure, and limb ischemia et al. [1, [8] [9] [10] [11] . In the present study, preoperative renal dysfunction, the elevated WBCc on admission, and prolonged CPB time were associated with early mortality and morbidities of composite adverse events in surgical intervention of TAAD.
Inflammatory process plays an important role in the development of aortic dissection. High inflammatory biomarker has been observed in patients as soon as the onset of the syndrome, suggesting a very early initiation of a cascade of inflammation in TAAD [12] . The aortic tissue destruction and thrombi in the false lumen created by the dissection may induce the inflammatory reaction. The activated circulating WBCs adhered to endothelium and damaged it with toxic oxygen compounds and proteolytic enzymes, this contributed a lot to the injury of the tissues. The WBC such as neutrophil and macrophages have been detected in the teared aortic tissues [13] .
On the other hand, the acute aortic dissection might cause malperfusion syndrome. Significant WBCc elevation has been observed in the end-organ ischemic complications those resulted from cerebral, visceral, or coronary malperfusion [14, 15] . Higher WBCc in patients with TAAD might reflect the higher severity of malperfusion syndromes when the end-organ involved. Takahashi, T. found WBCc on admission was significant higher in acute aortic dissection patients with relatively severe acute kidney injury when compared with patients without acute kidney insufficiency [16] . The patients with high preoperative WBCc had poor prognosis. Guan et al. demonstrated that WBCc was a significant predictor to type A aortic dissection patients with postoperative neurological complications [17] . The WBCc level indicated the severity of the aortic dissection and the organ malperfusion. In this study, there was significant positive relationship between WBCc and organ malperfusion. Furthermore, since the immediate surgery has been recommended to prevent aortic rupture, improve coronary, cerebral, and visceral circulation, it is comprehensible that the emergent case was more frequently Q quartiles of white blood cell count on admission, TAR total arch replacement. Q1: < 8.79 × 10 9 /L; Q2: 8.80-11.49 × 10 9 /L; Q3: 11.5-14.49 × 10 9 /L; and Q4: > 14.50 × 10 9 /L Note: P-value< 0.05 is highlighted in bold type.* The post hoc tests are processed with P value< 0.013 as statistical significance, adjusted by the Bonferroni correction performed in the elevated WBCc group than that in the normal WBCc group in this study. The surgical modality for TAAD has evolved in the past decades. In this study, we could not find the surgical manners as a significant risk factor for the 30-day mortality and adverse event. That means, the surgical expertise, though evolved with time, remained comparatively stable. However, in the subgroup analysis, the patients with preoperative leukocytosis underwent circulatory arrest displayed worse surgical outcomes than the patients without circulatory arrest. The preoperative high WBCc level might relate with pathophysiological change of organs during circulatory arrest. The potential explanation maybe circulatory arrest process prolonged the CPB time and aggravate inflammatory response [18] . In the animal model, the inflammation cascades were provoked during rewarming stage after circulatory arrest [19] . The inflammatory cytokines and cells might add insult to ischemiareperfusion injury during the surgery, and lead to poor prognosis.
The elevated WBCc on administration had related to risk of respiratory complications of TAAD. Duan et al. reported a series of 172 TAAD patients, according to Fig. 2 The in-hospital mortality comparisions between patients with/without leukocytosis (WBCc> 11 × 10 9 /L), P values were obtained by chisquare test. In the subset of patients with circulatory arrest, the difference of in-hospital mortality was significant (P = 0.001) their experience, the inflammatory cells and cytokines such as WBCc and neutrophil counts; levels of Creactive protein and interleukin-6 were responsible for the hypoxemia before surgery, and the remission of hypoxemia can be achieved by administration of antiinflammatory agent Ulinastatin [20] . On the other hand, the system inflammatory response that attacked the lungs increased the risk of respiratory infection. Respiratory complications were important causes of surgical mortality for TAAD [21] . In our own data, prolonged mechanical ventilation assistance time after surgery was also associated with elevated preoperative WBCc. Considering the peripheral WBCc was a very common index for both the infections and inflammatory processes in the acute stage of aortic dissection, it might be an optimal predictor of respiratory complications. In our center, the managements to improve pulmonary function such as emergency intubation on admission have been actively applied in the high-risk patients to reduce surgical mortality and perioperative complication morbidity.
Limitation
This is a retrospective study enrolled the patient's clinical data in single institution. Although the blood samples of patients were collected as soon as on admission, the interval between symptom onset and the first blood routine examination could not be accurately evaluated.
We included a relatively small number of patients who underwent surgeries in a single center, it might create selective bias. The WBCc as a common inflammatory biomarker has an advantage predictive of short-term outcome, whereas the association between baseline WBCc and long-term survival rate seemed limited.
Conclusion
The WBCc is such a widely available inflammatory biomarker with the features of being stable, standardized, economical, and fast. The elevated WBCc represented emergency and extensive involvement of the aortic dissection. The high mortality rate was observed in patients presenting with the leukocytosis in circumstance of circulatory arrest. The preoperative WBCc more than 11.5 × 10 9 /L could be treated as potential predictor for surgical outcome of TAAD with adequate sensitivity and specificity.
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